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In The Claims 



Please cancel claims 1 3-2N w ithoiit prejudice . Please replace claims 1 .3.~\N and I 1-14 w ith the 
amended claims 1.3.7.N and 1 1-14 as recited below. Please add new claims 2V - b3 as recited 
below . 



a semiconductor substrate having a principal surface of a first conductivity tvpe; 

a second conductivity type region, having an island shape, formed on the principal 
surface of said semiconductor substrate, wherein the second conductivity type region has an 
impurity concentration profile in a depth direction of the semiconductor substrate; 



gently in the depth direction of the semiconductor substrate and has a gentle peak at a depth that 
is greater than a junction depth of said first conducti\ ity ty pe region; 

a trench formed in the semiconductor substrate extending from a surface of said first 
conductivity type region to at least said second conductiv ity type region on said semiconductor 
substrate; 

an insulation film formed on an inner wall surface of said trench; and 

an electrode portion made of polycrystalline silicon filling said trench, such that said 
insulation film is located between said electrode portion and said inner wall surface. 



1. (Once .Amended) A semiconductor dev ice comprising: 



a first conductivity type region formed inside said second conductiv ltv tvpe region 
wherein said impurity concentration profile of said second conductiv ltv tvpe region changes 
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3. (Once Amended) A semiconductor device comprising: 



a semiconductor substrate having a principal surface of a first conductivitv tvpe; 

a second conductiv it\ tvpe region formed on the principal surface of said semiconductor 
substrate: 

a highlv doped first conductivity tvpe region formed inside said second conducti v ity type 

region: 

a plurality of first trenches, each extending from a surface of said highlv doped first 
conductivitv tvpe region to reach at least said second conductivity tvpe region on said 
semiconductor substrate, thereby defining a channel portion on an inner wall surface of each of 
the first trenches: 

an insulation film formed on the inner w all surface of each of the f irst trenches; 

an electrode portion made of polvcrv stalline silicon filling each of the first trenches such 
that said insulation film is located between said electrode portion and said inner wall surface: 

a plurality of second trenches formed inside said second conductiv itv type region so that 
each of the second trenches is positioned between an adjacent pair of said first trenches; 

a second conductivity tvpe protrusion region . which protrudes downwardly, wherein the 
second conductivity tvpe protrusion region forms a junction that is deeper than a junction of said 
second conductiv itv tvpe region, the protrusion region being positioned beneath the second, 
trench: and 

a second conductivitv tvpe highlv doped region having an impuritv concentration higher 
than that of the protrusion region, w herein the depth of the second conduct i\ ity tv pe highlv 
doped region is less than that of the junction of said protrusion region, the second conductiv itv 
tvpe highlv doped region is located beneath the second trench, and wherein the protrusion region 
encompasses the second conductivitv tvpe highlv doped region. 
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7. ( Once Amended > The semiconductor de\ lee according to el aim 3. further compiling: 

a tir^t electrode pro\ ided in one of said second trenches for electrically connecting the 
second conductiv ity type protrusion region to the highly doped first conductivity type region 
through the one of the second trenches; 

a second electrode pro\ ided in another one of said second trenches for electrically 
connecting the second conductivity type protrusion region to the highly eloped first conductiv ltv 
type region through the another one of the second trenches, the second electrode being disposed 
adjacent to the first electrode; 

w herein one of adjacent pair of the first and second electrodes is in an electrical 1\ 
floating state. 

S. (Once .Amended! The semiconductor de\ ice according to claim X wherein said second 
conductivity type highly doped region contacts said electrode, and is disposed between the 
electrode and the second conductiv itv type protrusion region. 

1 1 . (Once .Amended ) The semiconductor de\'iee according to claim 1 . further comprising: 

a plurality of electric field alleviating regions of the second conductiv ity ty pe formed in a strip- 
\\ ise shape so as to enclose a peripheral portion of said second conductiv it\ t\ pe region. 

1 2. < ( )nce Amended i The semiconductor de\ ice according to claim 1 1 . w herein each of the 
electric field alleviating regions is composed of; 

a stnp-w ise thud trench; and 

a NLVund conductivity type deep region encompassing the strip wise third trench. 
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I ; . (Once Amended) The semiconductor de\ ice according to claim 1 L wherein each of the 
electric field alle\ Kiting regions has a pn junction that is deeper than a pn junction of said second 
conductivity type region. 

14. (Once Amended) The semiconductor device according to claim 11. wherein said 
semiconductor de\ ice is constituted as a gate driv ing tv pe pow er element for controlling a 
conduction state between a back surface of said semiconductor substrate and said highly doped 
first conductivity type region by using said electrode portion as a control electrode. 

( New ) The semiconductor device according to claim 1 . w herein the semiconductor substrate 
comprises: 

a second conducti\ ity type semiconductor layer: and 

a first conductivity type semiconductor layer located on the second conductivity type 
semiconductor layer, w herein the principal surface of the first conductivity type is a surface of 
the semiconductor substrate.. 

M). ( New ) The semiconductor dev ice according to claim 3. w herein the semiconductor substrate 
compn^cv 

a second conduct iv ltv tv pe semiconductor lay er; and 

a first conductiv ity tv pe semiconductor layer located on the second conductiv ltv tv pe 
semiconductor lav er. w herein the principal surface of the first conductiv uv tv pe is a surface of 
the semiconductor substrate. 
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31. (New ) The semiconductor device according to claim o. wherein the semiconductor substrate 

comprises: 

a second conductivity t\pe semiconductor ia\er; and 

a first eonducti\ itv type semiconductor layer located on the second conductiv itv type 
semiconductor laver. wherein the principal surface of the first conducm it\ t\pe is a surface of 
the semiconductor substrate. 

32. (New } The semiconductor de\ ice according to claim 7. wherein the semiconductor substrate 
comprises: 

a second conductivity type semiconductor layer; and 

a first conducli\it\ tvpe semiconductor la\er located on the second conductivity tvpe 
semiconductor laver. wherein the principal surface of the first conductivity type is a surface of 
the semiconductor substrate. 

33. (New ) The semiconductor dev ice according to claim 12. wherein the semiconductor 
substrate comprises: 

a second conductivity tvpe semiconductor laver; and 

a t irst conducti v itv type semiconductor lav er located on the second conductiv itv tv pe 
semiconductor laver. wherein the principal surface of the first conductivity tvpe is a surface of 
the semiconductor substrate. 

34. i New < A semiconductor dev ice comprising: 

a first semiconductor lav er of a first conducti v itv tvpe: 
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a trench MOS structure formed on the first semiconductor layer, wherein the trench MOS 
structure includes: 

a second semiconductor layer of a second conductivity tvpe located on the first 
semiconductor layer: 

a first trench penetrating the second semiconductor la\er to the first semiconductor: 

a first conducts it\ t\pe doped region located inside the second semiconductor layer and 
proximate to an inlet portion of the first trench, thereby a channel portion is defined on a 
sidewall surface of the first trench between the first conductivity type doped region and 
the first semiconductor layer; 

an insulation film located on an inner wall surface of the first trench: 

a gate electrode located in the first trench such that the insulation film is located between 
the inner wall surface and the gate electrode: 

a second trench located in the second conducti\ ity type region and positioned away from 
the first trench: 

a second conductivity tvpe protrusion region having a junction depth that is greater than 
the junction depth of the second semiconductor layer, the protrusion region being 
positioned beneath the second trench: and 

a second conductivity type doped region that has an impurity concentration higher than 
that of the protrusion region, w herein the s-oond condu^ ti\ ity ly pe doped region has a 
diffusion depth that is less than the junction depth of the protrusion region, the second 
conductivity tvpe doped region is positioned beneath the second trench, and the 
protrusion region encompasses the second conductivity type doped region: and 

an upper electrode, which contacts the first conductivity type doped region of the trench 
\1( )S structure through the second trench. 
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3:\ ( New i The semiconductor de\ ice according to claim 34. further comprising a third 
semiconductor la\er of a second conducm it> type, the third semiconductor la\er being located 
on a rear surlace of the first semiconductor la\er. opposite to the second semiconductor la\er. 

3o. (New ) The semiconductor de\ ice according to claim 3x further comprising a lower 
electrode contacting the third semiconductor la\er. 

3 7 . ( New ) The semiconductor dev ice according to claim 34. w herein the junction depth of the 
second conductivity type protrusion region is greater than the depth of the first trench. 



Serial No. 09/865,704 



.>S. i New ) A semiconductor device comprising: 

a first semiconductor lav cr of a first conducts it\ t\pe: 

a trench MOS structure formed on the first semiconductor la\er. comprising: 

a second semiconductor layer of a second conducti\it\ type located on the first 
semiconductor layer: 

a first trench penetrating the second semiconductor layer to the first semiconductor laxer: 

a first conducts it\ t\pe doped region located inside the second semiconductor layer and 
proximate to an inlet portion of the first trench, w herein a channel portion is defined on a 
sidewall surface of the first trench between the first conductivity type doped region and 
the first semiconductor layer: 

an insulation film located on an inner w all surface of the first trench: and 

a gate electrode located in the first trench such that the insulation film is located between 
the inner wall surface and the gate electrode: 

a second conductix it\ type island located on the first semiconductor layer and adjacent to 
the second semiconductor layer of the trench MOS structure, the second conductivity t\ pe island 
being isolated from the second semiconductor layer and being in an electrically floating state: 
and 

an upper electrode, which contacts the fiiM conductivity t\pc doped region ol the trench 
MOS structure through the second trench, wherein the upper electrode is isolated from the 
second conductivity type island. 
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39. (Newt The semiconductor device according to claim 3S. wherein the trench MOS structure 
I u rt her comprises a second conduct i\ it\ t\ pe protrusion region, the junction depth of w Inch is 
greater than the junction depth of the second semiconductor layer, and wherein the protrusion 
region is positioned awa\ from the first trench. 

40. (New ) The semiconductor device according to claim 39. wherein the trench MOS structure 
further comprises a second trench located in the second conductivity t\pe region and positioned 
awa\ from the first trench, the protrusion region being positioned heneath the second trench. 

41. (New ) The semiconductor device according to claim 39. wherein the trench MOS structure 
further comprises a second conductivity type doped region having an impurit\ concentration 
higher than that of the protrusion region, w herein the second conductivity type doped region has 
a diffusion depth that is less than the junction depth of the protrusion region, and wherein the 
protrusion region encompasses the second conducti\it\ t\pe doped region. 

42. (New ) The semiconductor device according to claim 39. wherein the junction depth of the 
second conductivity type protrusion region is greater than the depth of the first trench. 

43. i New ) The semiconductor de\ ice according to claim ; S. further comprising a third 
semiconductor layer of a second conducts it\ t\ pe located on a rear surface of the first 
semiconductor layer opposite to the second semiconductor la\er and opposite to the second 
conductix it\ t\ pe island. 

44. ; \ew i The semiconductor de\ ice avoiding to claim 43. further comprising a lower 
electrode contacting the third semiconductor la\er. 
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45. ( New ) The semiconductor dev ice according to claim M). further comprising a third 
semiconductor lav cr of a second conducti\ itv tv pe located on a rear surface of the first 
semiconductor layer opposite to the second semiconductor laver and opposite to the second 
conductivity tv pe island. 

46. ( New ) The semiconductor device according to claim 45. further comprising a lower 
electrode contacting the third semiconductor layer. 

47. ( New ) The semiconductor device according to claim 4 1 . further comprising a third 
semiconductor layer of a second conductivity type located on a rear surface of the first 
semiconductor laver opposite to the second semiconductor laver and opposite to the second 
conducti v it\ t\ pe island. 

4S. ( New ) The semiconductor de\ ice according to claim 47. further comprising a low er 
electrode contacting the third semiconductor layer. 

4T ( New i The semiconductor de\ ice according to claim 42. further comprising a third 
semiconductor la\er of a second conductivity type located on a rear surface of the first 
semiconductor laver opposite to the second semiconductor laver and opposite to the second 
conducti v ltv tv pe island. 

5<f I New t The semiconductor dev ice according to claim 4 l >. further comprising a lower 
electrode contacting the thud semiconductor laver 
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51. ' New i A semiconductor de\ ice comprising : 

a first semiconductor Ia\er of a first conductivity t\pe; 

a second semiconductor la\ er of a second conducts it\ t\ pe located on the first 
semiconductor la\ er; 

a first trench penetrating the second semiconductor la\er to the first semiconductor laver. 
w herein the second semiconductor la\ er is di\ ided into a first portion anil a second portion, the 
second portion being isolated from the first portion: 

a first doped region of a first conductivity t\pe located inside the first portion and 
proximate to an opening of the first trench; 

a second doped region of a first conductivity t\pe located inside the second portion and 
proximate to the opening of the first trench: 

an insulation film located on an inner wall of the first trench; 

a gate electrode located in the first trench, wherein a first trench MOS structure is 
collectively formed with the first semiconductor layer, the first portion and the first doped 
region, and a second trench MOS structure is collectively formed w ith the first semiconductor 
laxer. the second portion and the second doped region; and 

an upper electrode contacting the first doped region and the first portion of the first 
trench MOS structure, wherein the second doped region and the second portion of the second 
trench MOS structure are in an electrical Ix floating state. 
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52. (New) The semiconductor dev ice according to claim 51. wherein the first trench MOS 
structure further comprises a second conductiv nv t\pe protrusion region having a junction depth 
that is greater than a junction depth of the first portion of the second semiconductor layer, the 
protrusion region being positioned awav from the first trench. 

53. ( New ) The semiconductor de\ ice according to claim 52. w herein the first trench MOS 
structure further comprises a second trench located away from the first trench, the protrusion 
region being positioned beneath the second trench. 

54. (New i The semiconductor device according to claim 52. wherein the first trench MOS 
structure further comprises a second conductivity type doped region having an impurity 
concentration higher than that of the protrusion region and having a diffusion depth that is less 
than the junction depth ol the protrusion region, and wherein the protrusion region encompasses 
the second conductiv it\ type doped region. 

55. (New a The semiconductor device according to claim 52. wherein the junction depth of the 
second conductivity type protrusion region is greater than the depth of the first trench. 

56. ( New ) The semiconductor device according to chum 5 1 . further comprising a third 
semiconductor lav er of a second conducti v itv t\ pe located on a real" surface of the first 
semiconductor layer opposite to the second semiconductor layer. 

5^. (New i f he semiconductor dev ice according to claim 5f\ t urther comprising a low er 
electrode contacting the third semiconductor laver. 
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^S. i New ) I he semiconductor device according to claim 52. further comprising a third 
semiconductor layer ot u second conducm it} type located on a rear surface of the first 
semiconductor lu\er opposite to the second semiconductor la\er. 

5T (New ) The semiconductor de\ ice according to claim 5S. further comprising a lower 
electrode contacting the third semiconductor la\er. 

60. ( New ) The semiconductor device according to claim 54. further comprising a third 
semiconductor layer of a second conductivity type located on a rear surface of the first 
semiconductor layer opposite to the second semiconductor luver. 

61. ( New ) The semiconductor device according to claim 00. further comprising a lower 
electrode contacting the third semiconductor laver. 

02. ( New ) The semiconductor de\ ice according to claim 55. further comprising a third 
semiconductor la\ er of a second conductn it\ t\ pe located on a rear surface of the first 
semiconductor ia\cr oppoMte to the second semiconductor la\er. 

03. (New i The semiconductor de\ ice according to claim 02. further comprising a lower 
electrode contacting the third semiconductor la\er. 
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CLAIMS SHOWN WITH AMENDMENTS 
FOR AMENDMENT FILED JULY 29, 2002 




(Once Amended) A semiconductor de\ iee comprising : 





a seeond conducts it> type region. ha\ing an island shape, formed on the prmeipal 
siirfaee of said semiconductor substrate [by introducing impurities of a seeond 
eonduetiN ltv t\ pe bv a plurality of ion implantation steps so as to ha\ e a smooth) , 
wherein the seeond eondueti\it\ t\pe region has an impii riU eoneentration profile in a 
depth direetion of the semieonduetor substrate; 

a first eonduetivity type region formed inside said seeond eonduetivity type region [by 
mtroduemg impurities of the first eonduetivity type! wherein said impurity eoneentration 
profile of said seeond eonduetivity t\pe re gi on changes gently m th e d epth di reet ion of 
the semieonduetor substrate and has a gentle peak at a depth that is greater than a junction 
depth of said fi r s t _a > 1 1 du eti\ ii\ type region ; 

a trench formed in the semiconductor substrate extending from a surface of said first 
conductivity type region [so as] to [reach] at least said second conductivity type region on 
said [first | semiconductor substrate; 

an insulation film formed on an inner wall surface of said trench; and 

an electrode portion made of pol\ cr\ stalline silicon [filled in] _fi lHmi said trench [with 
said insulation film interposed therebetw een | .such that said insulation film is located 
between said electrode t u m i ; i n d s_a i d i i ij i e r w a U _ si ir J a c e . 
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3. (Once Amended) A semiconductor device comprising: 

a semiconductor substrate having a principal surface of a first conductivity type; 

a second conductivity t\pe region formed on the principal surface of said semiconductor 
substrate | having an island shape by introducing impurities of a second conductivity 
type); 

a highly doped first conductivity type region formed inside said second conductivity type 
region |hy introducing impurities of the first conductivity ty pe at high concentration!; 

a plurality of first trenches, each extending from a surface of said highly doped first 
conductivity type region [so as] to reach at least said second conductivity type region on 
said [first] semiconductor substrate , thereby defining a channel portion on an inner wall 
surface of each of the first trenches ; 

an insulation film formed on the [an] inner wall surface of each of the first trenches; 

an electrode portion made of poly cry stalline silicon [ filled in ] filling each of the first 
trenches [with said insulation film interposed therebetween] such that said insulation film 
is l ocated betwee n said electrode portion and said inner wall surface ; 

a plurality of second trenches formed inside said second conductivity ty pe region so that 
each of the second trenches is positioned between an adjacent pair of said first trenches 
[in parallel with said first trenches); [and] 

a second conductivity type protrusion region . which protrudes dow nwardlv. wherein the 
second conductivity type protru sion region forms | formed with] a junction tha t is deeper 
than a junction of said second conductivity type region Jjhe protrusi on r egion being 
positi one d beneath the second trench; and [by introducing impurities of the second 
conducti v itv tv pc through each of said second trenches by ion implantation | 

il_.^_v n nd co nduc ti v itv tvpe [ngjilv doped region hav ing_ an jmpuntv concentration hig her 
than that of the protrusion r egio n, vv he rein th e depth ol the second c o n ductiv itv t\ pc 



Serial No. (J9/865J04 



hiehl\" doped region is less than that ot the junction of said protrusion region, the second 
conductivity tvpe highly doped region is located beneath the second trench, and wherein 
the protrusion region encompasses the second conductivity type highly doped region . 

7 . (Once Amended i The semiconductor dev ice according to claim 3. further comprising: 

a first electrode provided m one of said second trenches tor electrically connecting the 
second conductivity ty pe protrusion region to the highly doped first condtictiv uv tvpe 
region through the one of the second trenches: 

a second electrode provided in another one of. said second trenches lor electrically 
connecting the second conductivity type protrusion region to the highly doped first 
conductivity type region through the another one of the second trenches, the second 
electrode being disposed adjacent to the first electrode: 

vv herein one of adjacent pair of the first and second electrodes is in an electrically floating 
stale. 

S. (Once Amended) The semiconductor dev ice according to claim vv herein said second 
conduct ivity tvpe | further comprising a] highlv doped region contacts [contacting] said 
electrode, and is disposed between the electrode and the second conductivity type 
protrusion region. 

ll.i Once Amended \ The semiconductor device according to claim 1 . further 
comprising: 

a pluraliiv of electric field alleviating regions | formed bv introducing impurities] of the 
second conductivity type tormed in a strip-wise shape so as to enclose a peripheral 
portion ot said second conductivity tvpe region. 
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12. (Once Amended) The semiconductor device according to claim 1 1. wherein each of 
the electric field alleviating regions i> composed of: 

a .strip-wise third trench: and 

a second conductivity type deep region encomp a ssing [formed through] the strip-wise 
third trench. 

13. (Once Amended) The semiconductor device according to claim 1 1. wherein each of 
the electric field alleviating regions has a [in junction that is deeper than a pn junction of 
said second conductivity type region. 

14. ( Once Amended ) The semiconductor de\ ice according to claim 1 1 . w herein said 
semiconductor device is constituted as a gate dri\ mg type pow er element for controlling a 
conduction state between a hack surface of said semiconductor substrate and said highlx 
doped first conductix itv type region b\ using said electrode portion as a control electrode. 

(New ) The semiconductor device according to claim 1. wherein the semiconductor 
substrate comprises: 

a second conducts it\ t\pe semiconductor la\er: and 

a first conductivity t\pe semiconductor layer located on the second conductivity type 
semiconductor la\ er. w herein the principal surface of the first conduct i\ it\ ty pe is a 
surface of the semiconductor substrate.. 



-4- 



Serial No. 09/865,704 



30. ( New ) The semiconductor device according to claim 3. wherein the semiconductor 
substrate comprises: 

a second conductiv ity type semiconductor layer: and 

a first conductivity type semiconductor laver located on the second conductivity tvpe 
semiconductor layer, wherein the principal surface of the first conductivity tvpe is a 
surface of the semiconductor substrate. 

31. (New i The semiconductor dev ice according to claim (\ wherein the semiconductor 
substrate comprises: 

a second conductivity type semiconductor laver; and 

a first conductivity type semiconductor laver located on the second conductivity tvpe 
semiconductor laver. wherein the principal surface of the first conductivity tv pe is a 
surface of the semiconductor substrate. 

32. ( New ) The semiconductor dev ice according to claim 1 . wherein the semiconductor 
substrate comprises: 

a second conductivity tvpe semiconductor laver: and 

a first conductivity, type semiconductor layer located on the second conductivity type 
semiconductor layer, wherein the principal surface of the first conductivity type is a 
surface of the semiconductor substrate. 
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33. (New i The semieonduetor device according to claim 12. wherein the semiconductor 
Mihstrate comprises: 

a second conductivity type semiconductor layer; and 

a first conductivity type semiconductor layer located on the second conducts ity type 
semiconductor layer, wherein the principal surface ol the first conductivity type is a 
surface of the semiconductor substrate. 



34. ( New ) A semiconductor device comprising: 

a first semiconductor layer of a first conductiv ity type; 

a trench MOS structure formed on the first semiconductor layer, wherein the trench MOS 
structure includes: 

a second semiconductor layer of a second conductn ity ty pe located on the first 
semiconductor layer; 

a first trench penetrating the second semiconductor laver to the first 
semiconductor; 

a first conductivity type doped region located inside the second semiconductor 
layer and proximate to an inlet portion of the first trench, thereby a channel 
portion is defined on a sidewall surface of the first trench between the first 
conducti\it\ t\pe doped region and the first semiconductor la\er; 

an insulation film located on an inner wall surface of the first trench; 

a gate electrode located in the first trench such that the insulation film is located 
between the inner wall surface and the nate electrode. 

a second trench located m the second conducto it\ t\ pe region and positioned 
aw a\ from the first trench; 

-0- 
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a second conductivity type protrusion region having a junction depth that is 
greater than the junction depth of the second semiconductor la\er. the protrusion 
region being positioned beneath the second trench; and 

a second conductivity type doped region that has an impurity concentration higher 
than that of the protrusion region, u herein the second conductivity type doped 
region has a diffusion depth that is less than the junction depth of the protrusion 
region, the second conductivity type doped region is positioned beneath the 
second trench, and the protrusion region encompasses the second conductivity 
type doped region; and 

an upper electrode, w hich contacts the first conductivity type doped region of the trench 
MOS structure through the second trench. 

3:v ( New ) The semiconductor device according to claim 34. further comprising a third 
semiconductor lay er of a second conducti\ ity ty pe. the third semiconductor 1 ay er being 
located on a rear surface of the first semiconductor layer, opposite to the second 
semiconductor layer. 

3b. (New ) The semiconductor device according to claim 3?. further comprising a lower 
electrode contacting the third semiconductor layer. 

3^. i New i The semiconductor dc\ ice according to claim 34. wherein the junction depth 
of the second conducts ity ty pe protrusion region is greater than the depth of the first 
trench. 
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3S. ( New i A semiconductor device comprising: 

a first semiconductor layer ol a first conductivity type: 

a trench MOS structure formed on the first semiconductor layer, comprising: 

a second semiconductor lay er of a second conductivity ty pe located on the first 
semiconductor lav er: 

a first trench penetrating the second semiconductor layer to the first 
semiconductor layer; 

a first conductivity type doped region located inside the second semiconductor 
layer and proximate to an inlet portion of the first trench, wherein a channel 
portion is defined on a sidewall surface of the first trench betw een the first 
conductivitv tvpe doped region and the first semiconductor laver; 

an insulation film located on an inner wall surface of the first trench; and 

a gate electrode located in the first trench such that the insulation film is located 
between the inner wall surface and the gate electrode; 

a second conductivity type island located on the first semiconductor layer and adjacent to 
the second semiconductor lay er of the trench MOS structure, the second conductivity 
ty pe island being isolated from the second semiconductor lax er and being in an 
electrically Moating state, and 

an tipper electrode, w inch contacts the first conductix il\ t\ pe doped region of the trench 
MOS structure through the second trench, wherein the tipper electrode is isolated from 
the second condtictix lty t\ pe island. 



s 
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39. (New ) The semiconductor dev ice according to claim 3S. wherein the trench MOS 
structure further comprises a second conductivitv t\pe protrusion region, the junction 
depth of w Inch is greater than the junction depth of the second semiconductor la \ er. and 
wherein the protrusion region is positioned a\\a\ from the first trench. 

40 ( New ) The semiconductor dev ice according to claim 39. w herein the trench MOS 
structure further comprises a second trench located in the second conductiv ity tvpe region 
and positioned away from the first trench, the protrusion region heing positioned beneath 
the second trench. 

41 (New i The semiconductor device according to claim 39. wherein the trench MOS 
structure further comprises a second conductivity t\pe doped region hav ing an impurity 
concentration higher than that of the protrusion region, wherein the second conductivitv 
t\ pe doped region has a diffusion depth that is less than the junction depth of the 
protrusion region, and wherein the protrusion region encompasses the second 
conductiv itv tvpe doped region. 

42, ( New ) The semiconductor device according to claim 39. w herein the junction depth 
of the second conductiv itv type protrusion region is greater than the depth of the first 
trench. 

43. i New i The semiconductor dev ice according to claim 3S. further comprising a third 
semiconductor lav er of a second conduct iv itv tv pe located on a rear surface of the first 
semiconductor laver opposite to the second semiconductor laver and opposite to the 
second conductivitv tvpc island. 
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44. ( New i The semiconductor dev ice according to chum 43. further comprising a low er 
electrode contacting the third semiconductor layer. 

45. ( New i The semiconductoi device according to claim further comprising a third 
semiconductor layer of a second conduclivitv tvpe located on a rear surface of the first 
semiconductor layer opposite to the second semiconductor laver and opposite to the 
second conduct i\ it v. t\ pc island. 

46. ( New ) The semiconductor device according to claim 4?. further comprising a low er 
electrode contacting the third semiconductor layer. 

47. ( New ) The semiconductor device according to claim 4 1 . further comprising a third 
semiconductor layer ol a second conductivity ty pe located on a rear surface of the first 
semiconductor layer opposite to the second semiconductor layer and opposite to the 
second conductivity type island. 

4N. i New i The semiconductor device according to claim 4". further comprising a lower 
electrode contacting the third semiconductor layer. 

4<T i New i The semiconductor de\ ice according to claim 42. further comprising a third 
semiconductor lay er of a second conducttv itv type located on a rear surface of the first 
semiconductor lav er opposite to the second semiconductor ia \ er and opposite to the 
second conductivity tvpe island. 



Serial No. 09/865,704 



N ). f New ) The semiconductor dc\ ice according to claim -N. further comprising a low er 
electrode contacting the third semiconductor layer. 



5\. i New ) A semiconductor device comprising: 

a first semiconductor layer of a first conductixity type; 

a second semiconductor layer of a second conducts itv type located on the first 
semiconductor layer; 

a first trench penetrating the second semiconductor layer to the first semiconductor layer, 
wherein the second semiconductor layer is divided into a first portion and a second 
portion, the second portion being isolated from the first portion; 

a first doped region of a first conductivity type located inside the first portion and 
proximate to an opening of the first trench; 

a second doped region of a first conductivity type located inside the second portion and 
proximate to the opening of the first trench; 

an insulation film located on an inner w all of the first trench; 

a gate electrode located in the first trench, wherein a first trench MOS structure is 
collectively formed with the first scmiconducioi layer, the tirst portion and the first doped 
region, and a second trench MOS structure is collect! vel\ formed w ith the first 
semiconductor layer, the second portion and the second doped region; and 

an upper electrode contacting the first doped region and the first portion of the first trench 
MOS structure, wherein the second doped region and the second portion of the second 
trench MOS structure are in an electricallx floating state. 
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52. (New ) The semiconductor device according to claim 51, wherein the first trench 
MOS structure further comprises a second conducti\ itv tvpe protrusion region ha\ing a 
junction depth that is greater than a junction depth of the first portion of the second 
semiconductor layer, the protrusion region being positioned awa\ from the first trench. 

53. (New) The semiconductor device according to claim 52. wherein the first trench 
MOS structure further comprises a second trench located awa\ from the first trench, the 
protrusion region being positioned beneath the second trench. 

54. (New ) The semiconductor device according to claim 52. wherein the first trench 
MOS structure further comprises a second conductivity type doped region having an 
impuritx concentration higher than that of the protrusion region and having a diffusion 
depth that is less than the junction depth of the protrusion region, and w herein the 
protrusion region encompasses the second conductn itv tvpe doped region. 

55. (New i The semiconductor device according to claim 52. wherein the junction depth 
of the second conductivity type protrusion region is greater than the deptli of the first 
trench. 

5b. ( New i The semiconductor device according to claim 5 1 . further comprising a third 
semiconductor la\er of a second conducts U> t>pc located on a rear surface of the first 
semiconductor lay cr opposite to the second semiconductor la\er. 

5". < New i The semiconductor de\ ice according to claim 5f\ further comprising a low cr 
electrode contacting the third semiconductor la\er. 
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5N. i New > The semiconductor device according to claim 52. further comprising a third 
semiconductor layer of a second conduct i\ il\ t\ pe located on a rear s art ace of the first 
semiconductor la\er opposite to the second semiconductor la\er. 

59. (New ) The semiconductor device according to claim 5S. further comprising a lower 
electrode contacting the third semiconductor layer. 

60. (New ) The semiconductor device according to claim 54. further comprising a third 
semiconductor layer of a second conductivit) type located on a rear surface of the first 
semiconductor layer opposite to the second semiconductor la\er. 

61. (New ) The semiconductor device according to claim 60. further comprising a lower 
electrode contacting the third semiconductor layer. 

62. ( New * The semiconductor dev ice according to claim 55. further comprising a third 
semiconductor la\er of a second conductivity type located on a rear surface of the first 
semiconductor la\er opposite to the second semiconductor la\er. 

63. ( New ) The semiconductor de\ ice according to claim 62. further comprising a low cr 
electrode contacting the third semiconductor la\er. 



